Background: Current American Cancer Society recommendations for colon cancer screening include optical colonoscopy every 10 years or computed tomography colonography (CTC) every 5 years. Bowel preparation (BP) is currently required for both screening modalities. Purpose: To compare ACRIN 6664: the National CT Colonography Trial (NCTCT) participant experiences with CTC and optical colonoscopy (OC), procedure preference, and willingness to return for each procedure. Materials and methods: Participants from fifteen NCTCT sites, who underwent CTC followed by OC under sedation, were invited to complete questionnaires 2 weeks postexam, asking about procedure preference, physical discomfort, and embarrassment experienced and whether that discomfort and embarrassment was better or worse than expected during BP, CTC, and OC, as well as willingness to return for repeat CTC and OC at different time intervals. Results: A total of 2,310 of 2,600 patients (89%) returned their questionnaires. Of patients reporting a preference, 1,058 (46.6%) preferred CTC, 569 (25.0%) preferred OC, and 626 (27.6%) reported no preference. Participant-reported discomfort worse than expected differed significantly between CTC (32.9%) and OC (5.0%) (P0.001). About 79.3% were willing to be screened again with CTC in 5 years, and 96.6% with OC in 10 years. Discomfort and embarrassment worse than expected with OC were associated with increased intention to adhere with CTC in the future. Conversely, embarrassment experienced during CTC and discomfort worse than expected on CTC were associated with increased intention to adhere with OC in the future. Conclusion: While a larger proportion of participants indicated that they preferred CTC to OC, willingness to undergo repeat CTC compared to OC was limited by unanticipated exam discomfort and embarrassment and CTC's shorter screening interval.
Introduction
Colorectal cancer is a major cause of morbidity and mortality in the United States, with 143,460 new cases and 51,690 deaths attributed to colorectal cancer in 2012.
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gareen et al polyp removal. [4] [5] [6] [7] [8] [9] Despite these recommendations, many of those at highest risk of colon cancer fail to get screened, [10] [11] [12] and many of those who do get screened fail to adhere to the recommended screening schedule. 12 In a recently published Canadian survey, only 23.6% of the study population had received any colon cancer screening, and only 17.6% had received screening according to the currently recommended schedule. 3, 11, 13 Optical colonoscopy (OC) visualizes the entire colon and offers excellent sensitivity, specificity, the opportunity to obtain biopsy samples at the time of screening, a long screening interval (10 years), and a high degree of accuracy. 3 OC is regarded as the gold standard for colon cancer screening. Despite these advantages, OC is invasive and carries some risk of bowel perforation 13 and anesthesiaassociated complications. 14 Computed tomography colonography (CTC) screens for colon cancer by visualizing the entire colon while avoiding an invasive procedure and sedation, minimizing risk of bowel perforation, and shortening patient time away from regular activities. 15 Like OC, CTC currently requires a cathartic bowel preparation (BP), although current research is underway to eliminate the need for BP. [16] [17] [18] [19] Current CTC protocols require the colon to be inflated with air through the rectum, a procedure that many patients find uncomfortable and embarrassing. In addition, CTC has a shorter recommended screening interval (5 years) than OC, although there is evidence that this shorter screening interval may not raise a barrier to repeat screening with CTC as opposed to OC. 20 Patient expectations of the discomfort and embarrassment associated with CTC, as opposed to OC, may not be entirely accurate. In a recent study in which participants were randomly assigned to be offered screening with CTC or OC, the expected burden of screening was higher for those invited for OC than for those invited for CTC, and a significantly higher proportion of those invited for CTC attended the assigned screening examination than did those invited for OC. However, after screening, the embarrassment, pain, and perceived burden of the entire screening procedure were higher for CTC participants than for OC participants. Despite these perceived differences, the CTC and OC group were comparable with respect to their expressed intention to attend the next screening round. 21 The purpose of this study was to examine the experience of average-risk participants undergoing both CTC and OC as part of a screening study and to assess the effect of embarrassment, discomfort, and other factors on their willingness to return for repeat screening with each procedure.
Materials and methods
Participants were drawn from the population enrolled in ACRIN 6664: the National CT Colonography Trial (NCTCT). The NCTCT was led by the American College of Radiology Imaging Network (ACRIN), which is now a part of the Eastern Cooperative Oncology Group (ECOG)-ACRIN Cancer Research Group. The NCTCT has been described in detail elsewhere. 22 Participants underwent a single BP and were scheduled to receive CTC, followed by sedation and OC. Asymptomatic patients, 50 years of age or older, who were scheduled to undergo OC were recruited from February 2005 to December 2006. All patients provided informed consent. The template consent advised participants that:
For the CT colonography, you will be taken into the CT room and asked to lie on your side. An enema tip will be placed in your rectum and your colon will be slowly inflated with air (carbon dioxide) until you feel full.
Each patient was required to have a fully prepared colon. Colonic insufflation was obtained with an automated carbon dioxide insufflator (PROTOC02L, E-Z-EM Inc., Lake Success, NY, USA). Manual insufflation with room air was used if adequate colon distention could not be obtained with the mechanical insufflator. One milligram of subcutaneous glucagon was administered 7-15 minutes before the examination unless contraindicated or declined by the study participant. 22 Further details are provided in the study protocol. 23 For this substudy, we mailed a participant questionnaire approximately 2 weeks after CTC and OC were completed. 24 We chose this time interval with the hope that it was recent enough for participants to recall their experience, but distant enough that patients would have been notified of their results prior to completing questionnaires. For 13 of 15 study sites, questionnaires were mailed from the ACRIN Outcomes and Economics Assessment Unit located at Brown University. At two sites, due to institutional review board privacy concerns, study site research associates mailed the questionnaires directly to the participants.
The questionnaire included questions asking participants to evaluate the BP, the CTC, and the OC and rate the actual discomfort and embarrassment that they experienced (none, mild, moderate, severe, worst ever), as well as to compare their actual experience to their expectations of discomfort and embarrassment (much better, somewhat better, about the same, somewhat worse, much worse). Participants were also asked how often they would be willing to return for a repeat screening examination with each test (CTC, OC), whether the minimum acceptable interval between tests would be altered if a BP were Patient Preference and Adherence 2015:9 submit your manuscript | www.dovepress.com
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cTc patient preference and planned adherence unnecessary, which procedure they preferred, whether they had a preference for the sex of the examiner, and the time and expenses incurred to attend the screening session.
Permission to conduct this study was obtained from the Brown University and each site's institutional review boards (Supplementary material).
statistical analysis
Data were analyzed by the ACRIN Biostatistics Center, located at the Brown University Center for Statistical Sciences (Providence, RI, USA). Descriptive data were tabulated and simple binomial 95% confidence limits were estimated. We used McNemar's test, which accounted for the paired nature of the data in which each patient was screened with both modalities, to compare CTC with OC with respect to dichotomized participant responses on willingness to undergo repeat screening with differing screen intervals, actual discomfort and embarrassment experienced, actual as compared with expected discomfort and embarrassment experienced, and patient preference for the sex of the examiner at future screenings.
We used polytomous logistic regression to examine the relationship between a participant's willingness to return for screening within the recommended interval and participantreported actual and actual as opposed to expected discomfort and embarrassment related to the BP, CTC, and colonoscopy, time and travel involved in obtaining the screening examination, and whether removing the need for BP would alter willingness to return. We did not adjust for the results of the two examinations as the CTC was performed as an experimental procedure, and results were reported to participants at the site's discretion.
In these models, the response was a four-category variable indicating willingness to return for screening with CTC only, with OC only, with both modalities, or with neither modality. We defined planned adherence as a patient reporting a willingness to be rescreened within the recommended interval for each test (5 years for CTC and 10 years for OC); respondents were categorized as planning to adhere to CTC only, OC only, both tests, or neither test. Reported odds ratios (ORs) should be interpreted as the odds of a patient planning to be adherent with only CTC, with only OC, or with neither test, relative to the odds of planning to be adherent with both tests. The independent variables included all covariates described above plus participant sociodemographic information.
We used the following process to arrive at our final model. If the conservative P-value was less than 0.2, that independent variable was retained as a candidate for the final model. The final model was obtained using the filtered list of independent variables as well as age and sex in a backwards logistic regression fitting. We included whether the participant had had a biopsy during the colonoscopy as an a priori confounder. Calculations were performed using the statistical software SAS 9.1 (SAS Institute, Cary, NC, USA).
Results
Characteristics of the study population are reported in Table 1 . Of 2,600 patients screened in the NCTCT, 2,310 (89%: 1,224 women, 1,086 men) completed the patient questionnaire. Mean age was 58.4 years (range: 50-86 years). The participant population was 84.8% Caucasian, 11.1% African American, and 4.1% other/unknown. Those who responded were more likely to be older, female, and white. Not all participants provided information for all questions, and we chose to use all available data in the tables.
About 46.6% (95% confidence interval [CI]: 44.5%-48.7%) responded that they preferred CTC, 25.0% (95% CI: 23.3%-26.9%) responded that they preferred OC, 27.6% (95% CI: 25.8%-29.5%) responded that they had no preference, and less than 1% (95% CI: 0.5%-1.3%) responded that they would not return for either test. These responses, however, were inconsistent with participant-reported planned adherence for each test (Table 2 ). Despite 46.6% of participants reporting that they preferred CTC, only 79.3% of the Table 3 . Participants were more likely to report experiencing more discomfort with CTC than with OC (81.3% vs 27.8%, P0.001) as well as more embarrassment with CTC than with OC (42.5% vs 26.0%, P0.001). In addition, significantly more participants reported that the actual discomfort experienced was worse than expected for CTC than for OC (32.9% vs 5.0%, P0.001) as was the embarrassment experienced with CTC as opposed to OC (8.5% vs 1.6%, P0.001).
Women were more likely to express a preference for the sex of the examiner when having the CTC examination than when undergoing OC. Although both men and women were more likely to express a preference for a female examiner for the CTC than for the OC examination, this preference was substantially more prevalent among women than among men ( Table 4) .
The results of a single polytomous logistic regression model exploring the factors associated with planned adherence with recommended screening guidelines with both modalities, CTC only, OC only, or neither are shown in Table 5 . A total of 2,086 of 2,310 participants had complete data available for this analysis. ORs greater than one in the column titled "Plan to adhere with neither" indicate factors associated with a general unwillingness to be rescreened within the recommended interval for either test relative to the odds of planning to be adherent with both tests. A greater unwillingness to be rescreened with either test relative to being willing to be rescreened with both tests was associated with older age (OR [10- Relative intentions to return for screening with each specific modality (OC and CTC) within the recommended time intervals relative to the odds of planning to be adherent with both tests is shown in Table 5 , columns titled "Plan to adhere with OC at 10 years", and "Plan to adhere with CTC at 5 years", respectively. ORs greater than one in the column titled "Plan to adhere with OC at 10 years" indicate factors associated with higher odds of intended adherence to OC at 10 years but not CTC at 5 years. ORs greater than one in the column titled "Plan to adhere with CTC at 5 years" indicate the reverse -factors associated with higher odds of intended adherence with CTC but not OC. Plans to adhere to OC screening guidelines in the future, as opposed to willingness to adhere to guidelines for both OC and CTC was associated with being female (OR=1.85; 95% CI: 1.44-2.38), worse than expected discomfort with the BP (OR=1.76; 95% CI: 1.32-2.33), worse than expected physical discomfort from CTC (OR=3.35; 95% CI: 2.58-4.33), embarrassment during the CTC procedure (OR=1.57; 95% CI: 1.22-2.01), and not having a biopsy (OR=1.67; 95% CI: 1.29-2.18).
Plans to adhere to CTC screening guidelines in the future, as opposed to willingness to adhere to guidelines for both OC and CTC was associated with worse than expected physical discomfort from OC (OR=10.56: 95% CI: 2.94-37.92), worse than expected embarrassment from OC (OR=7.56; 95% CI: 1.28-44.45), and time away from usual activities. Each hour spent away from usual activities was associated with a 10% increase in the odds of a patient being willing to be screened with CTC as opposed to both OC and CTC within the recommended interval (95% CI: 1.02-1.18).
Discussion
Although NCTCT participants expressed a preference for CTC relative to OC, their willingness to undergo repeat CTC within the recommended screening interval appeared to be limited by unanticipated exam discomfort and embarrassment and the shorter interval time between screenings currently recommended for CTC as opposed to OC.
Our finding, that a majority of NCTCT participants expressed a preference for CTC over OC, is consistent with previous reports. [25] [26] [27] This preference may be due to the shorter overall examination time with CTC as opposed to OC as well as patient preference for noninvasive screening methods. 28 The shorter examination time was important to NCTCT participants. In our multivariate model, the odds of patients planning to return for a CTC screen, as opposed to both CTC and OC, within the recommended interval increased proportionally with the time spent away from usual activities for the two NCTCT screening tests. In addition, the expressed preference for CTC in the NCTCT may reflect a volunteer effect, with patients who chose to participate in the NCTCT having already revealed a willingness to undergo CTC. This volunteer effect may help to explain the apparent inconsistency between the expressed preference for CTC and patient willingness to return within the current recommended screening interval.
In our study, 79.3% of participants were willing to return for CTC within the recommended 5 years, whereas 96.6% were willing to return for OC within the recommended 10 years. In contrast, de Wijkerslooth et al 21 reported that 93% of CTC participants and 96% of OC participants indicated that they would probably or definitely participate in the next screening round. The difference between the two studies in the proportion of CTC participants willing to return is probably attributable to several factors. Most importantly, the NCTCT used a cathartic BP whereas de Wijkerslooth et al 21 reported results from noncathartic CTC. In addition, the NCTCT questionnaire specifically stated the time to the next screening test (5 years for CTC as opposed to 10 years for OC), it is unclear if this was the case in the questionnaire administered by Wijkerslooth et al. 21 Finally, NCTCT participants were willing to undergo both screening modalities, whereas participants in the Dutch study were randomly assigned to be offered either CTC or OC. The proportion of patients who accepted CTC (34%) was substantially higher than the proportion who accepted OC (22%). This difference in participation rates across the arms might have influenced the expressed intention to participate in future screening. Much of the unwillingness to return for CTC in the NCTCT appears to be due to discomfort and embarrassment associated with CTC. Worse than expected physical discomfort with CTC and embarrassment during the CTC procedure were strongly associated with increased odds of patient willingness to adhere with only OC. This finding is of importance because a substantial proportion of participants reported that their discomfort was worse than expected with CTC (32.9%), and a sizable number reported that embarrassment was worse than expected with CTC (8.5%). The contrast between expectations and actual experience may be addressable with enhanced patient education. Improving and tailoring preprocedural counseling to better explain the CTC experience and potential side effects may be effective in reducing the proportion of CTC participants who experience a higher level of discomfort and embarrassment than anticipated. 21 In addition, new techniques, such as partially deflating the colon, may relieve discomfort associated with CTC screening. 29 Interestingly, worse than expected discomfort and embarrassment with OC were associated with planning to adhere with only CTC and planning to adhere with neither screening regimen in the future. The proportion of participants reporting "worse than expected discomfort" with OC (5.0%) and "worse than expected embarrassment" with OC (1.6%), however, was substantially smaller.
The higher prevalence of patient-reported physical discomfort and embarrassment with CTC than with OC (discomfort in 81.3% of CTC and 27.8% of OC) may be attributable to the routine use of conscious sedation for OC. Conscious sedation may dim memory of pain, discomfort, or embarrassment associated with OC. 30 Lower levels of conscious sedation have been associated with patient reports that OC was more painful than CTC. 31 Patients at higher risk of colorectal cancer may also be less likely to report pain and discomfort associated with a screening study. 25, 26 Short screening intervals (Table 2) were associated with an unwillingness to return for rescreening no matter the modality, as was the BP. NCTCT participants reported that they were more likely to return for OC than for CTC at a 10-year screening interval. This is consistent with reports by Gluecker et al. 20 This may be due to the potential disadvantage of CTC, which requires patients to return for polyp removal. Patients who were previously diagnosed with colorectal polyps have been reported to express a preference for OC over CTC; 26 however, this not did not appear to be the case in NCTCT. In fact, patients who did not have a biopsy were more likely to be willing to return for only OC, as opposed to both modalities, than were those who had a 
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cTc patient preference and planned adherence biopsy, probably because few of these biopsies resulted in a cancer diagnosis. 22 BP also significantly influenced participant willingness to return for screening. Most participants reported that they would be willing to return for both CTC and OC screening within the recommended intervals, if BP were unnecessary. While the elimination of BP is not an option for OC at the moment, several studies have pursued CTC without cathartic preparation with encouraging success. [16] [17] [18] [19] 32 Although participants invited for noncathartic CTC have been more likely to accept screening, than those invited for OC, the rate of advanced neoplasia detection was lower for noncathartic CTC than for OC. 31 Our study had several potential limitations. First, our study population consisted of a highly motivated group of participants who were already committed to obtaining a screening colonoscopy at the time of study recruitment. These motivated participants may report higher levels of intended future adherence than the general screening population. Second, this was not a Phase III clinical trial in which participants were randomly assigned to CTC or OC. Each participant was screened using both screening modalities. The study design mandated that CTC be performed prior to OC. This nonrandomized sequence may have influenced patient perceptions, favoring CTC in some way. Third, the sedation used during OC may have obscured participant recall of the discomfort level associated with OC. Even if this were the case, however, discomfort experienced but forgotten is unlikely to influence the patient's determination of whether or not to return for repeat screening.
Conclusion
CTC holds promise as a colon screening procedure, but to ensure that patients are willing to return for routine screening, patient education and consent need to fully explain the potential discomfort and embarrassment associated with the procedure. A better patient understanding of CTC may improve intended adherence with future screening procedures. In addition, the development of new methods that do not require BP should improve patient intent to return for repeat screening within the recommended screening intervals. Finally, our findings suggest the need for better understanding of patient preferences for the examiner's sex, particularly among women undergoing CTC.
